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Description 

This invention relates to medical devices and 
more particularly to flexible, power-driven catheters 
for intravascular surgery and other in-body surgical 5 
procedures. 

The l<nown interventional methods for treating 
atherosclerotic disease involve surgery for bypass- 
ing or remoulding obstructive atherosclerotic ma- 
terial. The use of lasers are under investigation for to 
transluminal revascularisation. However, such de- 
vices have not found common acceptance In medi- 
cal practice because of various technical difficul- 
ties, the most serious of which being their ten- 
dency to perforate arterial tissue. is 

In US-A-4,445.509 there is disclosed a re- 
canalisation catheter designed specifically for cut- 
ting away hard, abnormal deposits, such as athero- 
sclerotic plaque, from the inside of an artery, and 
while supposedly preserving the soft arterial tissue. 20 
That recanalisation catheter includes a sharp 
edged, multi-fluted, rotary cutting tip mounted at 
the distal end of the catheter and arranged to be 
rotated by a flexible drive shaft extending down the 
centre of the catheter. The rotation of the cutting " 25 
head is stated as producing a "differential cutting" 
effect whereupon relatively hard deposits are cut 
away from relatively soft tissue. Suction ports are 
provided in the cutting tips to pull the hard particles 
produced by the cutting action into the catheter for 30 
removal at the proximal end thereof so that such 
particles do not flow distally of the catheter where 
they could have an adverse effect on the patient's 
body. EP-A-191630 discloses a similar catheter, 
but that also has a sharp cutting head. 35 

It has been determined that the use of sharp 
rotary cutting blades In a revascularisation catheter 
can have various adverse effects on the arterial 
tissue, e.g. snagging, cutting or otherwise damag- 
ing the tissue of the artery wall. 40 

According to the invention there is provided a 
catheter for introduction into a lumen in a living 
being to treat a restriction or a constriction or 
cause dilation or for disintegration of a stone, the 
catheter comprising an elongated flexible member 45 
having a longitudinal axis, a working head located 
at the distal end thereof, and elongated flexible 
drive means therefor extending through the cath- 
eter and arranged to cause high speed rotary 
movement of the working head characterised in so 
that the working head comprises at least one, non- 
sharp, impacting surface adapted to impact un- 
desirable material or tissue within the lumen or to 
disintegrate the stone. 

Preferably the non-sharp impacting surface is 65 
formed as a radiused edge of a cam surface. 

Preferably the non-sharp impacting surface has 
a radius of curvature at least as large as the 



amplitude of any tissue wave produced by move- 
ment of the head with respect of the wall of the 
lumen. 

Brief Description of the Drawing 

Figure 1 is a perspective view, partially in sec- 
tion, showing one embodiment of the catheter of 
the invention in an artery restricted by occlusive 
atherosclerotic disease and illustrating the dila- 
tion and restriction opening properties of the 
catheter; 

Figure 2 is a side elevational view, partially in 
section, showing the distal end of the catheter 
shown in Figure 1; 

Figure 3 is a sectional view taken along line 3-3 
of Figure 2; 

Rgure 4 is an end view of the catheter shown in 

Figure 2; 

Figure 5 is a side elevational view of a portion of 
the distal end of the catheter of Figure 1 and 
showing the expulsion of fluid therefrom during 
operation of the catheter; 
Figure 6 is a front elevational view of the work- 
ing head or tip of the catheter shown in Figure 
1; 

Figure 7 is a side elevational view of the tip 
shown in Figure 6; 

Figure 8 is another side elevational view of the 
tip shown in Figure 6; . 
Figure 9 is a side elevational view of a catheter 
like that shown in Figure 1 located within a 
bodily lumen, e.g. artery, and illustrating the 
creation of vortex flow adjacent the working 
head during the operation of the catheter; 
Figure 10 is an enlarged front elevational view of 
an alternative working head or tip to that shown 
in Figure 6; 

Figure 11 is an enlarged side elevational view of 
the alternative working tip shown in Figure 10; 
Figure 12 is a side elevational view partially in 
section, showing the distal end of an alternative 
catheter of the invention; 
Figure 13 Is a reduced, exploded perspective 
view of a portion of the distal end of the catheter 
of Figure 12; 

Rgure 14 is a reduced side elevational view of 
the impaction member forming a portion of the 
catheter of Figure 12; and 
Figure 15 is a front elevational view of the 
impaction member shown in Figure 14. 

DESCRIPTION OF THE INVENTION 

Referring now to the various Figures of the 
drawing wherein like reference characters refer to 
like parts, there is shown in Figure 1 the distal end 
of one embodiment of a catheter 20 for in- 



2 



3 



EP 0 335 861 B1 



4 



travascular or other surgical/medical applications, 
e.g., fallopian tube dilation. The catheter 20 Is an 
elongated flexible member, approximately 180 cm 
long and of small outside diameter, e.g. 8 French 
(F) or 2.68 mm. and including a flexible drive 
means 22 (only a portion of which can be seen in 
Figure 2) located therein. That drive means will be 
described later and is particularly suited for in-body 
surgical applications. Located at the distal end por- 
tion of the catheter 20 Is a working head 24. The 
working head can be moved at a high speed with 
respect to the catheter by the drive means to effect 
the surgical procedure to be carried out by the 
catheter. The proximal and of the drive means of 
the catheter and which is located outside the pa- 
tient's body Is adapted to be connected to a source 
of rotary power, e.g. an electric motor (not shown). 
In the preferred embodiment disclosed herein, the 
drive means 22 effects the rotary movement of the 
working head 24 under the power provided from 
the remote power source (motor). 

When the catheter 20 Is used for treating oc- 
clusive atherosclerotic disease, such as opening a 
restriction in an artery formed by atherosclerotic 
plaque, the catheter is introduced into the vascular 
system of the patient, such as through an opening 
in the femoral artery at a point in the groin. The 
catheter is then guided through the vascular sys- 
tem of the patient to the site of the restriction so 
that its working head 24 is located immediately 
adjacent the restriction. In the illustration In Figure 
1, the working head 24 is shown in position in a 
coronary artery 26 immediately adjacent a restric- 
tion 28, e.g. partial occlusion or full occlusion, 
which is to be opened to the freer flow of blood 
therethrough. 

Such restrictions are formed by the deposit of 
atherosclerotic plaque or some other materiat(s). 
such as wax and/or calcified atheroma, thickened 
and/or ulcerated intima, etc. The catheter 20 is 
designed to transluminally recatherise the diseased 
artery by dilating the stenotic or occluded area 
(which may or may not be covered by fibrous 
plaque) and/or selectively removing calcifred throm- 
botic, or fatty tissue unprotected by fibrous plaque 
while allowing the artery wall to remain intact. 

When the catheter is passed transluminally 
through a diseased artery, the device's working 
head serves to emulsify occlusive lesions not cov- 
ered with fibrous plaque by repeatedly impacting 
the material forming the restriction as the working 
head Is rotated and with minimal risk of puncture or 
perforation of the contiguous arterial wall. 

The rapidly rotating working head removes 
atherosclerotic tissue by emulsificatlon and differ- 
entiates the diseased tissue from the relatively un- 
diseased tissue by using two properties found in 
normal tissue that is not found in most, if not all. 



atherosclerotic tissue, namely vlscoelasticity and its 
highly organised fibrous structure. 

As can be seen in Figure 1 . the fibres 33 of an 
artery wall 26 run circumferential to the lumen of 

5 the artery and generally perpendicular to the Im- 
pacting surfaces 24A and 24B of the working head 
where they meet. This perpendicular line between 
those impacting surfaces and the arterial wall fibres 
is protective. Thus, the rotating working head does 

10 not separate the fibres. Instead, they remain or- 
ganised In parallel, resisting separation and pene- 
tration. The energy absorbed from the rotating 
working head is distributed through the many fi- 
bres, thereby reducing the destructive force ap- 

75 plied per fibre. Accordingly, individual fibres are 
undamaged and the artery wall remains intact. 

Atherosclerotic tissue lacks this unified or- 
ganisation. Thus, when such tissue is engaged by 
the rotating working head, minute portions of the 

20 atherosclerotic tissue must absorb the impacting 
surfaces* energy alone. Accordingly, a particle of 
the material breaks off from the adjacent tissue. 
The operation of the rotary working head creates a 
vortex flow 31 adjacent the working head which 

25 causes the particles broken away by the action of 
the working head to be repeatedly impacted by the 
non-sharp, Impacting surfaces 24A and 24B, there- 
by breaking those particles Into smaller and smaller 
particles until they become part of what is effec- 

30 tively a highly emulsified solution. 

Referring to Rgure 2. the details of the distal 
end of a preferred embodiment of the catheter 20 
will now be described. Catheter 20 basically com- 
prises an elongated, flexible tubular member or 

35 jacket 30 which is formed of a suitable material, 
e.g. plastic, and which has a small outside diam- 
eter, e.g. 8F or less. In a preferred embodiment 
shown herein the outside diameter Is approximately 
1.7 mm (5F) but it may be as small as, e.g. 2F (.67 

40 mm). 

At the distal end of the catheter 20 there is 
secured a sleeve-like bushing 32. The bushing 
includes a flanged end face 34 arranged to abut 
the end of the catheter's jacket 30 and a tubular 

45 portion 36. The outside diameter of portion 36 is 
approximately that of the inside diameter of the 
catheter's jacket 30 so that it is snugly fit therein. 
The bushing is held firmly In place by a retaining 
band 38 which tightly encircles the periphery of the 

50 catheter jacket 30 so that plural gripping teeth 40 
located about the periphery of the tubular portion 
36 dig Into the interior surface of the catheter 
jacket 30 and hold the bushing tightly In place 
therein. The bushing 32 also includes a through 

55 bore 42 (Figures 2 and 3) extending therethrough 
and aligned with the longitudinal central axis 25 of 
the catheter. 
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The working head 24 Includes a mounting 
shank or axle 44 projecting proximally and passing 
through the bore 42 in the bushing 32. The flexible 
drive systenr) comprises an elongated drive cable 

48 preferably formed of plural elongated wires, e.g. 
a central wire (not shown) surrounded by six helical 
wires. The outer surface of the helical wires is 
swaged or hammered to form a generally large 
area cylindrical surface 48A (Figure 2). The central 
wire of the cable 48. may, if desired, be tube. The 
cable 48 extends down the interior in the catheter's 
jacket 30 coaxial with axis 25 from a remote, proxi- 
mally located point (not shown) at which It Is con- 
nected to a source of power, e.g. an electric motor, 
to the working head. Thus, the distal end of the 
cable 48 terminates at and Is disposed within a 
longitudinal extending bore 50 In the axle 44 of the 
working head 24. The end of the drive cable 48 is 
secured in place in the bore 50 via a laser weld 
joint 52. The shape of the working head 24 will be 
described later. Suffice now to state that it includes 
a generally planar rear surface 54 which engages 
the front surface 56 of the bushing flange 34. The 
working head 24 is prevented from axial movement 
within the bushing 32 by virtue of a retaining ring 
58 mounted on the proximal end of the working 
head axle 44 contiguous with the proximal end of 
the bushing. The retaining ring 58 is secured to the 
proximal end of the working head axle 44 via 
another laser weld 52. 

The drive cable 48 is supported in the central 
position along axis 25 by means of a spiral bearing 

49 (Figure 2) so that the cable can rotate about that 
axis within the bearing. That bearing member thus 
comprises a helical or spiral cylindrical coil of wire 
surrounding the multistrand drive cable 48. The 
spiral bearing 49 is preferably constructed of a wire 
having a rectangular cross section. When such a 
wire is bent into a helix, it forms a central passage- 
way defined by a large area cylindrical surface 49A 
and with the inside corners of the wire forming 
each helical convolution being convex at 49B. The 
bearing 49 extends substantially the entire length 
of the catheter. The outer diameter of the helical 
bearing coil is sufficiently great so that its loops 
just clear the interior surface of the catheter's jack- 
et 30 to hold the bearing securely in place therein. 
The inside diameter of the central passageway 49A 
is just slightly greater than the outside diameter of 
the drive cable 48, that is, the diameter of cylin- 
drical surface 48A, so that the drive cable can 
freely rotate therein. 

The large engaging surfaces 48A and 49A tend 
to minimise the creation of any wear particles caus- 
ed by the rotation of cable 48 within bearing 49. 

It should also be pointed out that the spiral wire 
49 may serve as the drive member (it would be 
secured to the working head) while the component 



48 serves as the bearing. 

The drive cable 48 can be rotated at a high 
rate of speed, e.g. from 10,000 to 200,000 rpm, 
while the catheter is bent through a small radius of 
5 curvature, e.g. .75 inches (1 .9 cm), yet maintaining 
positional neutrality (centering) of the drive cable 
and without the creation of any standing waves 
which could result in unwanted vibration to the 
catheter. 

10 The spacing between the convolutions of the 

spiral bearing 49, the inner surface of the catheter 
jacket 30 and the outer surface of the drive cable 
48 fonm a fluid passageway which a fluid (liquid) 
can flow through the catheter. This liquid is utilised 

75 to cool or lubricate the bearing system and also 
serves to cool the tissue-working head interface. 

Moreover, the liquid which is passed down the 
catheter can. If desired, be oxygenated to eliminate 
distal Ischemia during the restriction opening pro- 

20 cedure by the catheter. Also, if desired, nitrates 
contrast media or other drugs can be added to the 
liquid as needed during the procedure. 

In order to insure that the catheter is suffi- 
ciently flexible to negotiate short radii of curvature, 

25 while not presenting an undue impediment to the 
flow of cooling fluid through the fluid passageway 
in the catheter, the width of the rectangular wire 
making up the helical coil 48 and the pitch of its 
loops are appropriately selected. In the embodi- 

30 ment shown and described herein the width (the 
dimension measured in the direction of axis 25) of 
the wire making up the helical coil is approximately 
0.22 mm for a 5F catheter, while its thickness is 
approximately 0.16mm and the helix of the angle 

35 coils is approximately 30° measured from the axis 
25. The outside diameter of the swaged drive cable 
48 for a 5F catheter is 0.38mm. This construction 
optimises bending, flexibility, torsional strength and 
fluid flow passage. As will be appreciated, the 

40 smaller the helix angle the more convolutions of 
the helix and hence the greater distance through 
which fluid must flow. 

In accordance with the preferred embodiment 
of the catheter the helical coil bearing 49 is formed 

45 of a strong, yet flexible, low friction material, such 
as heat treated beryllium-copper. 

The means for enabling the liquid to exit the 
catheter at the distal end will now be described 
with reference to Figures 2,4 and 5. 

50 Extending down the central bore 42 of the 

bearing 32 are four, equidistantly spaced, grooves 
60. The distal end of each groove 60 terminates at 
a fluid exit port 61 located at the distal end flange 
34 of the bushing, while the proximal end of each 

55 groove 60 terminates in a respective, generally 
radially extending, relief groove 62. The fluid 
(liquid) 27 passing down the interior of catheter 
tube 30 flows under pressure P (Rgure 5) into the 
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relief grooves 62, through the associated longitudi- 
nal grooves 60 and out through the ports 61 at the 
end face of the catheter closely adjacent to the 
longitudinal axis 25. 

As can be seen in Figures, 2,4,6.7 and 8, the 
working head 24 basically connprises a convex 
shaped tip of a generally hemispherical shape and 
having a pair of generally planar diametrically dis- 
posed side faces or relieved surfaces 24C and 
24D. Thuis, the cam surfaces formed therebetween 
are sections of the surface of a sphere. The inter- 
face of the cam surfaces 24C and 24D with the 
relieved surfaces 24E and 24F are rounded 
(radiussed) so that each interface surface is not 
sharp (although in the scale of the drawings herein 
It may appear to be a sharp line). As can be seen 
in Figure 8, the relieved surfaces 24E and 24F 
taper toward each other in the direction towards the 
distal end of the working head, with the maximum 
spacing between the relieved surfaces being ap- 
proximately the diameter of the working head shaft 
44. Thus, the flatted or relieved surfaces are at a 
negative rake angle to the cam surfaces. Further 
details of the working head will be described later. 

As can be seen in Figures 4 and 5, by virtue of 
the shape of the working head the fluid exit ports 
61 are uncovered by the relieved surfaces 24E and 
24F to enable fluid 27 to exit the ports 61 . As the 
working head rotates, its relieved surfaces sequen- 
tially cover and uncover ports 61. This action 
breaks up the fluid streams 27 exiting from those 
ports into slugs 29. 

The fluid velocity is determined by the pres- 
sure at the point P in Figure 5. For catheters of an 
8F (French) size, and whose working head is of 
1.25 mm radius a pressure of approximately 
2.07-103 N/m2 (30 pounds per square inch) is 
deemed sufficient to ensure that some liquid 
streams flow axlally along axis 25 so that the 
exiting liquid is distributed in a generally hemi- 
spherical pattern about the working head. For cath- 
eters of 5F (French), a pressure of 6.89 • 10^ N/m^ 
(100 PSI) is sufficient. Accordingly, with sufficient 
fluid pressure applied some of the liquid streams 
reach the end of the tip contiguous with the longitu- 
dinal central axis 25 while other streams are cut off 
and accelerated at an acute angle thereto and still 
further streams are cut off and accelerated almost 
radially. Accordingly, the fluid exiting from the ports 
is distributed almost hemispherically around the tip 
without the need for a central hole therein. 

In order to prevent heat Induced injury to the 
artery, sufficient liquid should be expelled into the 
restriction at the working head. It has been found 
that 30 ccs per minute is suitable for an 8F 
(French) instrument while 20 ccs per minute is 
suitable for a 5F instrument. 



Many of the liquid slugs 29 have some radial 
component and develop tremendous momentum as 
they are flung outwards toward the artery wail. The 
momentum of the slugs is transferred to the artery 

5 wail, thereby forcing the wall laterally outward in all 
radial directions to dilate It. 

Tests have shown that the radial pressure de- 
veloped by the rotating working head is substantial 
and can raise local static pressure immediately 

10 adjacent the working head by approximately 
1.33-10* to 2.66O0* N/m2 (100 to 200 millimetres 
of Hg). This increased pressure on the artery wall 
contiguous with the rotating working head is not 
due solely to the impact of the fluid slugs thereon, 

75 but is also due to the recirculation of the fluid 
surrounding the working head. The rotation of the 
working head about axis 25 produces a powerful, 
toroidal shaped vortex 31 contiguous with the work- 
ing head as shown in Figure 9. The vortex 31 also 

20 has the effect of recirculating any particles broken 
off from the restriction by the impact of the rotating 
working head. Thus particles that break away are 
carried back into the rotating working head where 
they are progressively reduced in size. This pro- 

25 duces particles which are safe to flow distally. In • 
this connection, it has been determined that in a - 
typical operation 95% of the particles created dur-" 
ing the impacting or emulsification process have a 
surface area smaller than that of a red blood cell. 

30 The impacting surfaces are shown at 24A and 

24B (see Figure 6). They are the interfacial areas 
at which the spherical section cam surfaces 24C 
and 24D meet the relieved surfaces 24E and 24Ff 
are of sufficiently large radius to ensure that no 

35 damage to the healthy tissue of the artery occurs 
when those surfaces impact arterial tissue. In this 
regard, the visoleastic nature of healthy tissue as 
well as diseased soft tissue is such that such soft 
materials can be stretched and negotiated by the 

40 rotating working head if its impacting surfaces are 
of sufficiently large radius that they allow the arte- 
rial tissue (in the form of a wave of tissue) to flow 
smoothly thereunder. Moreover the cam surface, 
passing frequency, that is, the velocity of the cam 

45 surface coupled with the length of the cam surface 
should be large enough that the tissue cannot 
recover substantially before the next Impacting 
suface arrives. This allows quite aggressive instru- 
ment feed rates without puncture. In this connec- 

50 tion, it Is suggested that the velocity of the impact- 
. ing surfaces 24A and 24B at their maximum dis- 
tance from axis 25 be in the range from 100 to 
2,000 centimeters per second. This speed range 
ensures that at the low end the impacting surfaces 

55 of the rotating working head always describe a fine 
helix in the artery even at high feed rates of the 
order of ten centimetres per second. This makes 
use of the protective nature of the tip travel along 
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the axis of the circumferential arterial wall fibres. 
The radius of the impacting surfaces 24A and 24B 
should also not be too large. 

In order not to compromise the above de- 
scribed vortex action, It is necessary that the work- 
ing head impacting surface radius not be too large 
to compromise the particle reduction action. For 
tips having an impacting surface radius of 0.05 to 
0.07 mm the progressive particle reduction action 
operates at tip rotational speeds of 30,000 to 
90.000 rpm. 

As just discussed, injury to soft tissue is con- 
trolled by the impacting surface radius and Its 
passing velocity and to a lesser degree by Its and 
the contiguous cam surface's clearance. However, 
hard tissue seems to be dramatically affected by 
clearance, with the smaller clearance, the less 
chance of injuring or perforating the arterial tissue. 
Directional protection control can also be achieved 
by varying the clearance of the working head's 
impacting surface radius. Hence, as can be seen in 
Figures 6,7 and 8. the portion of the working tip 
cam surfaced 24C and 24D contiguous with the 
rotational axis 25 and 45 and is relieved by the 
formation of two diametrically opposed planar sec- 
tions 24G and 24H. Thus, the radiused Impacting 
surfaces at the interface of the cam surfaces and 
the planar relieved surfaces have approximately 
zero degree clearance while the radiused impacting 
surfaces at the Interface of cam surfaces and the 
relieved surfaces form a ten degree clearance. 
Accordingly, the working head 24 of the subject 
invention has zero clearance at large radial dis- 
tances from the rotational axis 25 and ten degree 
clearance at small radial distances. This feature 
compensates, for the lower velocity of the impact- 
ing surfaces at smaller radial distances. Accord- 
ingly, in accordance with the subject invention, 
working heads can be produced to provide very 
small clearance at portions of the working head 
moving at high speed with respect to the material 
to be removed while providing some larger clear- 
ance at portions of the tip moving at lower speeds 
with respect to that material. 

In order to produce an even more gentle action 
on the arterial tissue wave created by the rotating 
cammed working head. It can be constructed as 
shown in Figures 10 and 11 and denoted by the 
reference numeral 100. Thus. In the working head 
100 the convex cam surface is not of a constant 
radius of curvature. Working head 100 includes two 
quadraspherical section cam surfaces 100A and 
100B, each of which has the same radius of cur- 
vature. The centers of generation of the 
quadraspheres are denoted by the reference nu- 
meral 101 and are spaced (offset) from each other 
by a distance D (Fig.11). Accordingly, the surfaces 
100A and 100B are separated from each other by 



an intermediate surface 100C whose width is D. As 
can be seen in Figure 11, the surface 100C is 
tangential to the ends of the opposed quadraspher- 
ical surfaces 100A and 1008 and is linear between 
5 the ends of those surfaces when viewed in the 
direction of lines 11-11 in Figure 10 but circular 
and of the same radius as surfaces 10OA and 100B 
measured around an axis 102 (Figure 10). The 
plane (the working head bisecting plane) in which 

10 the axes 25 and 102 lie includes the two centres of 
generation 101 and bisects the working head 100 
Into two halves. The flatted or relieved surfaces 
100D and 100E are similar to relieved surfaces 24E 
and 24F of working head 24. However, as can be 

75 seen in Figure 10. the relieved surfaces 100F and 
100E are oriented at an angle 0 with respect to the 
working head bisecting plane. Thus, the working 
head 100 is bisected Into two symmetric portions 
by the working head bisecting plane. This con- 

20 structlon results In the creation of a long ramp cam 
surface 100AL between the leading radiused im- 
pacting surface 100G and the highest point 104, 
The ramp can be appreciated by viewing the dif- 
ference between the path of maximum radius R 

25 generated by the rotation of head 24 and the 
surface 100AL while creating a short ramp surface 
100AS between point 104 and the trailing radiused 
impacting surface 100H. By virtue of the relatively 
long ramp cam surface 100AL leading to the point 

30 of maximum cam surface radius a gentle cam 
action results when the surface 100AL makes con- 
tact with the material forming the restriction to 
result in lower acceleration (less aggression) ap- 
plied to the particles produced by that Impact. In 

35 alternative embodiments of the working head 100 
the head bisecting plane can be oriented so that 
the angle e Is between zero degrees and any 
maximum angle. If the head bisecting plane Is 
parallel to the relieved surfaces 100E and 100F so 

40 that the angle e is zero degrees then the leading 
and trailing cam surfaces 100AL and lOOAS will be 
the same length. 

Thus by adjusting the orientation of the head 
bisecting angle, one can adjust the degree of ag- 

45 gression of the working head. 

Other shaped working heads can be construct- 
ed In accordance with this Invention. Thus, the cam 
surfaces need not be portions of a spherical sur- 
face, but can be ovoidal, conical or any other 

50 suitable shape. Moreover, the relieved surfaces 
need not be planar, but can be arcuate, multiplanar 
(portions in different planes), etc. Further still, the 
impacting surfaces need not be of a constant ra- 
dius so long as they are sufficiently rounded or 

55 arcuate to be substantially equal to or larger than 
the tissue wave to be created by the rotation of the 
working head. 
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The mechanical and fluid forces applied by the 
working head allow the catheter to track the point 
of least resistance in total occlusions. In this re- 
gard, the working head finds the area of least 
resistance by dissecting the tissue with fluid pres- 
sure as it moves forward. From observation, the 
point of least resistance is always in the lumen of 
the previously patent artery. It is therefore relatively 
easy and safe to open totally obstructed tortuous 
arteries with the subject catheter. In this connec- 
tion, the working head finds the area of least resis- 
tance and serves to guide the catheter and not vice 
versa. 

Referring now to Figures 12-15, the details of 
the catheter 200 having particular utility for effec- 
ting the disintegration of the bodily stones or for 
accomplishing an In-situ valvulectomy will now be 
described. 

The catheter 200 in many respects is identical 
in construction to the catheters 20 described here- 
tofore. Hence the same reference numerals will be 
used for the common components. In particular the 
drive means and bearing means for the drive 
means can be the same as in either catheter 20, 
whereas the working head 202 is considerably dif- 
ferent. In this regard the working head basically 
comprises a propeller-IIke impacting member 204 
having a pair of blades 204A and 204B, The mem- 
ber 204 is threadedly engaged (not shown) onto a 
central mounting shaft 206 fixedly secured within 
an inner bushing 208. The inner bushing is dis- 
posed within an outer bushing 210. The outer 
bushing is fixedly secured within a tubular shroud 
212. The distal end of the drive cable 48 Is secured 
within the shaft 206, whereupon the shaft and the 
inner bushing to which it is connected are arranged 
to rotate about central axis 25 under power from a 
remote motor (not shown). A plurality of slots 214 
are provided along the outer bushing between it 
and the shroud 212. These slots serve as the fluid 
passageways (to be described later). 

The shroud 212 serves to protect the surround- 
ing bodily tissue(s), e.g. duct walls, from damage 
caused by the rotary motion of the blades 204A 
and 204B during the stone disintegration proce- 
dure. To that end the shroud is fixedly secured 
onto the distal end of the catheter jacket 30 by a 
retaining band (not shown) like that described with 
reference to Figure 2. As can be seen clearly In 
Figures 12 and 13. the shroud includes a plurality 
of generally rectangularly shaped windows 216 dis- 
posed about the periphery thereof adjacent its dis- 
tal end (for reasons to be described later). 

Each blade 204A and 204B of the impacting 
member 204 is curved and has a lead angle 
(Figures 14 and 15) arranged so that upon rotation 
of the member about the longitudinal axis 25 of the 
catheter in the direction of arrow 218 (Figure 15) a 



toroidal vortex fluid flow path is induced distally of 
the working head. This vortex flow is denoted by 
the arrows 220 and is in the direction towards the 
working head. This flow serves to draw the stone or 

5 venous valves to be acted upon by the catheter * 
200 into contact with the blades 204A and 204B. 
This in-drawing feature is of significant importance 
in applications wherein the stone or tissue to be 
destroyed is loose and not restrained by some 

10 body tissue, in order to ensure that the working 
does engage the stone or tissue to effect its de- 
struction. 

As can be seen in Figure 12, the slots 214 are 
located between the bushing 208 and the inner 

75 surface of the shroud 212 and serve as passage- 
ways enabling the fluid (liquid) flowing through the 
interior of the catheter (and serving to cool and 
lubricate the moving components thereof as de- 
scribed with reference to the embodiments of Fig- 

20 ure 1) to flow through the shroud's windows 216 
out of the working head in the direction of arrows 
222. The induced fluid flow distally of the head 
caused by the rotating blades also flows into the 
head and through the windows 216 (as shown by 

25 the arrows 220). These combined flows serve to 
push the duct walls or body tissue surrounding the.> 
stone away from the shroud 212, thereby aiding: 
the shroud in protecting the patient from injury, 
caused by the rotating blades. 

30 As can be seen in Figures 14,15 each blade tip 
is slightiy rounded at 224 and projects a short 
distance, e.g. 0.13 to 0.25 mm. beyond the distal 
end 226 of the shroud 212. The rounded surfaces . 
224 serve as Impact hammers to pulverize the 

35 stone upon contact therewith. In order to maximise 
the impact force the member 204 is relieved cen- 
trally at 228 so that the impaction surfaces 224 are 
located a substantial radial distance from the cen- 
tral axis 25 about which the member 204 rotates. 

40 Operation of the catheter 200 to disintegrate a 

stone, such as a bile duct stone (not shown) is as 
follows. The catheter is introduced into an appro- 
priate portion. e.g. the cystic duct, and then guided 
into tiie bile duct in which the stone Is located and 

45 then until its working head is just proximately of the 
position of the stone. When the drive means is 
operated It causes the head 204 to rotate at a high 
rate of speed, e.g. 100,000 RPM or greater, there- 
by creating the vortex flow 220 which draws the 

50 stone into contact with the advancing head. The 
rapid rotation of the head 204 causes the impaction 
surfaces 224 to rapidly hammer away at tiie stone. 
This action pulverizes the stone, thereby resulting 
in its disintegration into particles of sufficiently 

55 small size as to be flushed from the duct by bodily 
fluids. The catheter is then withdrawn. 

Operation of the catheter 200 to effect the in- 
sltu destruction of valves in a section of vein (not 
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shown) Is accomplished In a similar manner. Thus 
the advancement of the catheter distally, coupled 
with the vortex flow at the distal end thereof, draws 
the fragile valve elements of the vein into contact 
with the rotating blades 204A and 204B, whereupon 
the valve elements are destroyed or otherwise ren- 
dered Inoperative, it should be noted that if the 
clearance between the blades and windows 216 Is 
kept sufficiently small a shearing force results 
therebetween to aid in destroying the fragile valve 
elements. 

It must be pointed out at this juncture that the 
other catheters, such as the heretofore described 
catheter 20, can be used to effect stone disintegra- 
tion or In situ valvulectomy in lieu of the catheter 
200. Thus, for some applications the working heads 
may be constructed like heads 24 and 100. with no 
shroud necessary. 

Claims 

1. A catheter (20,100,200) for introduction into a 
lumen in a living being to treat a restriction or 
a constriction or cause dilation or to disinte- 
grate a stone; the catheter (20,100,200) com- 
prising an elongated flexible member having a 
longitudinal axis (25,102), a working head 
(24,100,202) located at the distal end thereof, 
and elongated flexible drive means (22) there- 
for extending through the catheter and ar- 
ranged to cause high speed rotary movement 
of the working head (24.100,202) characterised 
In that the working head (24,100,202) com- 
prlses at least one, non-sharp, Impacting sur- 
face (24A,24B,100A.100B.204A.204B). adapted 
to Impact undesirable materia! or tissue within 
the lumen or to disintegrate the stone. 

2. A catheter according to Claim 1 characterised 
in that the non-sharp Impacting surface 
(24A,24B) is formed as a radiused edge of a 
cam surface (24C,24D). 

3- A catheter according to Claim 1 or 2 charac- 

terised in that two cam surfaces (24C and 24D) 
are present and located between relieved sur- 
faces (24E and 24F). 

4. A catheter according to Claim 1, 2 or 3 charac- 
terised in that the non-sharp impacting surface 
(24A, 248, 100A, 100B, 204A, 204B) has a 
radius of curvature at least as large as the 
amplitude of any tissue wave produced by 
movement of the head (24. 100. 202) with 
respect to the wall (26) of the lumen. 

5. A catheter according to Claim 2, 3 or 4 charac- 
terised in that the height and profile of the cam 



surfaces (24C,24D) and the radiused impacting 
surfaces (24A, 24B) are selected so that the 
healthy wall of the lumen (26) will deform 
viscoetastically under applied load while non- 
5 viscoelastic material will be impacted. 

6. A catheter according to Claim 5 characterised 
in that the impacting surfaces (24A, 24B) have 
a radius in the range of 0.025 mm (0.001 Inch) 

10 to 0.127 mm (0.005 inch). 

7. A catheter according to any preceding Claim 
characterised in that the head (24,100.202) is 
arranged to be rotated about the longitudinal 

75 axis (25.102) of the catheter. 

8. A catheter according to Claim 7 characterised 
in that the working head (24.100,202) Is ar- 
ranged to be rotated about the longitudinal axis 

20 (25) of the catheter at about 10,000 to 200,000 

rpm. 

9. A catheter according to any preceding Claim 
including a jacket (30) and housing a drive axle 

25 (48) with a passageway for a stream of fluid 

(27) to pass to the head (24) In between, the 
fluid emerging adjacent the head (24) via exit 
ports (61) characterised in that the ports (61) 
are located adjacent the longitudinal axis (25) 

30 of the catheter so that the fluid (27) is broken 

into substreams (29) which are directed radi- 
ally outwardly as the head (24) Is rotated. 

10. A catheter according to Claim 9 characterised 
35 in that the head (24) includes surface portions 

(24E,24F) arranged to expose or cover the exit 
ports (61) as the head (24) is rotated. 

11. A catheter according to Claim 9 or 10 charac- 
40 terised in that the fluid (27) is supplied under a 

pressure (P) selected so that the exiting sub- 
streams (29) present a hemispherical pattern 
about the head (24). 

45 12. A catheter according to any preceding Claim 
characterised In that the head (24) Is rotated at 
sufficient speed to form a fluid path (31) in 
advance of the head (24) whereby particles of 
an Impacted restriction (28) are drawn into the 

50 head (24) for repeated treatment. 

13. A catheter according to Claim 12 characterised 
in that the fluid path (31) is a toroidal vortex. 

55 14. A catheter (100) according to any preceding 
Claim characterised by a head (100) having a 
convex cam surface of non constant radius 
curvature bisected into two symmetrical por- 
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tions by a bisecting plane to define a long 
ramp cam surface (100AL) and a short ramp 
surface (100AS) to cause a gentle cam action 
on a tissue wave generated In use of the head. 

15. A catheter (200) according to Claim 1, 7. 8. 12, 
13 characterised in that the head (204) has 
blades (204A. 2G4B) at the distal end of a 
rotary shaft (206) disposed and projecting 
slightly forward of a shroud (212) having win- 
dows (216) about the blades (204A, 204B). 
rotation of the shaft (206) being arranged to 
create a vortex (220,222) to draw fluid past the 
blades (204A.204B) and out of the windows 
(216). 

16. A catheter according to Claim 15 characterised 
in that the blades (204A.204B) have rounded 
impact surfaces (224). 

17. A catheter (200) according to any one of 
Claims 1,4,7.8.9,10,11,12,13,15 and 16 charac- 
terised in that the working head comprises a 
propeller-like impact member (204) having 
rounded impacting surfaces (224) spaced from 
the longitudinal axis (25) and in that a shroud 
(212) Is radially spaced from and extends 
about the impacting member (204) so that the 
rounded impacting surfaces (224) project a 
short distance beyond the shroud (212) which 
protects the rounded impacting surfaces (224) 
from damaging surrounding body tissues. 

18. A catheter according to Claim 17 or 18 charac- 
terised in that the shroud (212) has windows 
(216) about the working head (202) and rota- 
tion of a shaft (206) is arranged to create a 
vortex (220,222) to draw fluid past the impact- 
ing surfaces (224) and out through the win- 
dows (216). 

19. A catheter according to any preceding Claim 
characterised in that the drive assembly (22) 
comprises an elongated drive cable (48) ar- 
ranged to rotate within a spiral bearing (49) 
extending along the catheter. 

20. A catheter according to Claim 20 characterised 
In that the spiral bearing (49) is formed of a 
wire having a generally rectangular cross sec- 
tional shape. 

21. A catheter according to Claim 20 or 21 charac- 
terised in that the cable (48) and the bearing 
(49) have large engaging surfaces (48A,49A) 
respectively to reduce wear. 



Patentanspriiche 

1. Katheter (20, 100. 200) zur EInfuhrung in ein 
Lumen in einem lebenden Wesen, um eine 

5 Verstopfung oder eine EinschnQrung zu behan- 

deln. Oder um eine Erweiterung zu verursa- 
chen, Oder um einen Stein zu zertrummern; 
wobei der Katheter (20, 100, 200) ein langge- 
strecktes biegsames Toil umfaBt. das eine 

10 Langsachse (25, 102) aufweist. einen Arbeits- 

kopf (24. 100 202), der an seinem distalen 
Ende angeordnet ist und ein langgestrecktes 
biegsames Antriebsmittel (22) dafUr. das sich 
durch den Katheter erstreckt und dazu ausge- 

75 tegt ist, eine Drehbewegung des Arbeitskopfes 

(24, 100, 202) mit hoher Drehzahl zu verursa- 
chen, 

dadurch gekennzelchnet, 

dafi der Arbeitskopf (24, 100. 202) wenigstens 
20 eine nicht scharfe StoBoberflSche (24A. 24B. 

100A, 100B. 204A. 204B) umfaBt. die dazu 
ausgelegt ist, unerwUnschtes Material oder Ge- 
webe innerhalb des Lumens mit Sto8 zu beauf- 
schlagen oder den Stein zu zertrQmmern. 

25 

2. Katheter nach Anspruch 1 , 
dadurch gekennzelchnet, 

daB die nicht scharfe Stofioberflache (24A. 
24B) als verrundete Kante einer Nockenober- 
30 fiache (24C, 24D) ausgebildet ist. 

3. Katheter nach Anspruch 1 oder 2. 
dadurch gekennzelchnet, 

daB zwei Nockenoberflachen (24C und 24D) 
35 vorhanden und zwischen ausgesparten Ober- 

flMchen (24E und 24F) angeordnet sind. 

4. Katheter nach Anspruch 1 . 2 oder 3, 
dadurch gekennzelchnet, 

40 daB die nicht scharfe Stofioberflache (24A, 

24B, 100A, 1008. 204A, 204B) einen Krum- 
mungsradlus aufweist, der wenigstens so groB 
ist wie die Amplitude einer beliebigen Gewebe- 
welle. die durch eine Bewegung des Kopfs (24, 

45 100, 202) mit Bezug auf die Wand (26) des 

Lumens erzeugt ist. 

5. Katheter nach Anspruch 2, 3 oder 4, 
dadurch gekennzelchnet, 

60 daB die Hohe und das Profll der Nockenober- 

flachen (24C. 24D) und die verrundeten StoB- 
oberflachen (24A, 24B) so ausgewahit sind. 
daB sich die gesunde Wand des Lumens (26) 
unter angelegter Last viscoelastisch deformiert, 

55 wahrend nicht-viscoelastlsches Material gesto* 

Ben wird. 
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6. Katheter nach Anspruch 5, 
dadurch gekennzeichnet, 

dafi die StoBoberflMchen (24A. 24B) einen Ra- 
dius im Bereich von 0,025 mm (0.001 Zoll) bis 
0,127 mm (0,005 Zoll) aufweisen. 

7. Katheter nach einem der vorangehenden An- 
sprUche, 

dadurch gekennzeichnet, 
da6 der Kopf (24. 100. 202) dazu ausgelegt ist, 
um die Uingsachse (25. 102) des Katheters 
gedreht zu werden. 

8. Katheter nach Anspruch 7. 
dadurch gekennzeichnet, 

dafi der Arbeitskopf (24. 100, 202) dazu ausge- 
legt ist, um die Langsachse (25) des Katheters 
mit etwa 10.000 bis 200.000 UpM gedreht zu 
werden. 

9- Katheter nach eInem der vorangehenden An- 
sprOche, 

der eine Hulse (30) umfaBt und eine Antrlebs- 
welle (48) mit einem Durchgang fQr einen 
Ruidstrom (27) zum Kopf (24) im Zwischen- 
raum enthalt, wobei das Fluid benachbart zum 
Kopf (24) Uber Ausgangs5ffnungen (61) aus- 
trltt. 

dadurch gekennzeichnet, 

daB die Offnungen (61) benachbart zur Langs- 
achse (25) des Katheters so angeordnet sind, 
dafl das Fluid (27) in Unterstrome (29) aufge- 
brochen wird, die radial nach auBen gerichtet 
sind, wenn der Kopf (24) drehangetrieben ist. 

10. Kathether nach Anspruch 9, 
dadurch gekennzeichnet, 

daB der Kopf (24) Oberflachenabschnitte (24E, 
24F) umfaBt. die dazu ausgelegt sind, die Aus- 
gangsoffnungen (61) freizugeben oder zu be- 
decken, wenn der Kopf (24) drehangetrieben 
ist. 

11. Katheter nach Anspruch 9 Oder 10, 
dadurch gekennzeichnet, 

daB das Fluid (27) unter Druck (P) zugefOhrt 
wird, der so ausgewMhIt ist. daB die austreten- 
den Unterstrome (29) ein halbkugelformlges 
Muster um den Kopf (24) herum darstellen. 

12. Katheter nach einem der vorausgehenden An- 

sprOche, 

dadurch gekennzeichnet, 
daB der Kopf (24) mit einer ausrelchenden 
Drehzahl drehangetrieben wird, um einen 
Fluid-Pfad vor dem Kopf (24) zu bilden, wo- 
durch Teilchen einer gestoBenen Verstopfung 
(28) in den Kopf (24) fUr eine wiederholte Be- 



handlung hineingezogen werden. 

13. Katheter nach Anspruch 12, 
dadurch gekennzeichnet, 

5 daB der Fluid-Rad (31) ein ringformiger Wirbel 

ist 

14. Katheter (100) nach einem der vorangehenden 
Anspriiche, 

10 gekennzeichnet durch 

einen Kopf (100), der eine konvexe Nocken- 
oberflache mit einer KrOmmung nicht konstan- 
tem Radius aufweist, die durch eine halbieren- 
de Ebene in zwei symmetrische Abschnitte 

15 haibiert ist, um eine lange Rampennockeno- 

berlfache (100AL) festzulegen sowie eine kurze 
Rampenoberflache (100AS). um eine sanfte 
Nockenwirkung auf eine Gewebewelle zu ver- 
ursachen. die bet Verwendung des Kopfes er- 

20 zeugt ist. 

15. Katheter (200) nach Anspruch 1, 7, 8. 12, 13, 
dadurch gekennzeichnet, 

dafl der Kopf (204) Schaufein (204A, 204B) an 
25 dem distalen Ende einer Drehwelle (206) auf- 

weist, die angeordnet sind und leicht nach 
vorne vorstehen uber eine Abdeckung (212). 
die Fenster (216) Uber den Schaufein (204A, 
204B) aufweist, wobei die Drehung der Welle 
30 (206) so ausgelegt ist, daB ein Wirbel (220. 

222) erzeugt wird, um Fluid hinter die Schau- 
fein (204A, 204B) sowie aus den Fenstern 
(216) hinaus zu Ziehen. 

35 16. Katheter nach Anspruch 15. 
dadurch gekennzeichnet, 
dafi die Schaufein (204A, 204B) verrundete 
StoBoberflachen (224) aufweisen. 

40 17. Katheter (200) nach einem der AnsprUche 1, 4. 
7, 8, 9, 10. 11, 12, 13, 15 und 16. 
dadurch gekennzeichnet, 
dafi der Arbeitskopf ein propellerartiges StoB- 
teil (204) umfaBt, das verrundete StoBoberfla- 

45 Chen aufweist, die von der Langsachse (25) 

beabstandet sind, und daB eine Hulle (212) 
radial beabstandet ist von und sich herum er- 
streckt um das StoBteil (204) so, daB die ver- 
rundeten StoBoberflMchen (224) um ein kurzes 

50 Stack Ober die HUlle (212) vorstehen, die die 

verrundeten StoBoberflachen (212) davon ab- 
halt. umgebendes Korpergewebe zu beschadi- 
gen. 

65 ia Katheter nach Anspruch 17 oder 18, 
dadurch gekennzeichnet, 
daB die HUlle (212) Fenster (216) uber dem 
Arbeitskopf (202) aufweist, und das Drehen 
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einer Welle (206) so ausgelegt ist. daG ein 
WIrbel (220, 222) erzeugt wird, urn Fluid hinter 
die StoBoberflMclien (224) sowie durch die 
Fen5ter.(216) hinaus zu Ziehen. 

5 

19. Katheter nach einem der vorausgehenden An- 
sprUche, 

dadurch gekennzelchnet, 

daS die Anstriebsanordnung (22) ein langsge- 
strecktes Antriebskabel (48) umfaBt, das dazu io 
ausgelegt ist, sich innerhalb eines Spirallagers 
(49) zu drehen, das sich enttang des Katheters 
erstreckt. 

20. Katheter nach Anspruch 19. dadurch gekenn- 75 
zeichnet, 

dadurch gekennzeichnet, 
daS das Spirallager (49) aus einem Draht gebil- 
det 1st, der eine allgemein rechtecklge Quer- 
schnittsform aufwelst. 20 

21. Katheter nach Anspruch 20 Oder 21, 
dadurch gekennzeichnet, 

daB das Kabel (48) und das Lager (49) groBe 
Eingriffsoberflachen (48A, 49A) aufweisen, um 25 
Abnutzung zu vermindern, 

Revendicatlons 

1. Catheter (20. 100. 200) destine a etre introduit 30 
dans un canal d'un etre vivant pour traiter une 
restriction ou une constriction, pour provoquer 

une dilatation ou pour desint^grer un calcul; le 
catheter (20, 100. 200) comportant un organe 
flexible allong4 qui possede un axe longitudinal 35 
(25, 102), une tete de travail (24, 100, 202) 
situde au niveau de son extr^mlt^ distale, et, 
pour celle-ci, des moyens d'entraTnement flexi- 
bles allonges (22) qui s'dtendent ^ travers le 
catheter et sont congus pour provoquer un 40 
mouvement de rotation k grande vitesse de la 
t§te de travail (24, 100. 202). caractgrlsg en ce 
que la tete de travail (24, 100. 202) comporte 
au moins une surface de percussion non tran- 
chante (24A, 24B. 100A, 100B. 204A, 204B) 45 
adaptSe pour percuter une substance ou un 
tissu indSsirable present(e) k Tinterieur du ca- 
nal ou pour d^sint^grer le calcuh 

2. Catheter selon la revendlcation 1, caract6ris6 so 
en ce que la surface de percussion non tran- 
chante (24A. 248) se presente sous la forme 

d'un bord anrondi d'une surface formant came 
(24C. 24D). 

55 

3. Catheter selon la revendication 1 ou 2, caracte- 
ris^ en ce qui l existe deux surfaces formant 
came (24C et 24D) sltu^es entre des surfaces 



depouill^es (24E et 24F). 

4. Catheter selon la revendication 1, 2 ou 3, ca- 
ract^ris^ en ce que la surface de percussion 
non tranchante (24A, 248. 100A. 1008, 204A, 
2048) a un rayon de courbure au moins aussi 
important que I'amplitude d'une quelconque 
ondulation de tissu produite par le d§place- 
ment de la tete (24, 100. 202) par rapport h la 
paroi (26) du canal. 

5. Catheter selon la revendication 2. 3 ou 4. ca- 
racterise en ce que la hauteur et le profil dis 
surfaces formant came (240. 24D) et des sur- 
faces de percussion arrondies (24A, 248) sont 
s^lectionnes de fagon que la paroi saine du 
canal (26) se deforme viscoelastiquement sous 
Teffet de la charge appliqu^e, pendant que la 
substance non visco^lastlque sera percutie. 

6. Catheter selon la revendication 5, caracterise 
en ce que les surfaces de percussion (24A. 
248) ont un rayon qui se situe dans la plage 
de 0,025 mm (0,001 pouce) k 0,127 mm 
(0,005 pouce). 

7. Catheter selon Tune quelconque des revendi- 
catlons precedentes, caracterise en ce que la 
tete (24, 100. 202) est congue pour §tre ani- 
mee d'un mouvement de rotation autour de 
I'axe longitudinal (25, 102) du catheter. 

8. Catheter selon la revendication 7, caracteris^ 
en ce que ia tete de travail (24, 100, 202) est 
congue pour etre animee d'un mouvement de 
rotation autour de I'axe longitudinal (25) du 
catheter k environ 10 000 & 200 000 tr/mln. 

9. Catheter selon Tune quelconque des revendi- 
cations precedentes, comportant une galne 
(30) et logeant un axe d'entraTnement (48), un 
passage etant menage entre eux pour permet- 
tre I'ecoulement d'un jet de fluide (27) en 
direction de la tete (24). le fluide debouchant h 
proximite de la t§te (24) par des orifices de 
sortie (81), caracterise en ce que les orifices 
(61) sont situes k proximite de I'axe longitudi- 
nal (25) du catheter de fagon que le fluide 
(27) soit decompose en jets secondaires (29) 
diriges radialement vers I'exterieur, lorsque la 
t§te (24) est animee d'un mouvement de rota- 
tion. 

10. Catheter selon la revendication 9, caracterise 
en ce que la tete (24) comporte des parties de 
surface (24E, 24F) disposees pour exposer ou 
recouvrlr les orifices de sortie (61). lorsque la 
tete (24) est animee d'un mouvement de rota- 
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tion. 

11. Catheter selon la revendication 9 ou 10, carac- 
t^rls^ en ce que le fluide (27) est d4livr§ sous 
une pression (P) selectionnee de fagon que les 
jets secondaires (29) qui sortent, prSsentent 
une configuration- hSmisph^rique autour de la 
tete (24). 

12. Catlieter selon I'une queiconque des revendl- 
cations pr6c6dentes. caract^risd en ce que la 
tete (24) est anim^e d'un nnouvement de rota- 
tion k une vltesse suffisante pour definlr une 
trajectoire de fluide (31) en avant de la t§te 
(24). afin qu'ainsi des particules d'une restric- 
tion (28) percut^e soient entraTn^es dans la 
tete (24) en vue d'un traitement rep^t^. 

13. Catheter selon la revendication 12. caracterise 
en ce que la trajectoire de fluide (31) est un 
vortex toroVdal. 

14. Catheter (100) selon I'une queiconque des re- 
vendications pr^c^dentes. caract^ris^ par une 
tete (100) qui presente une surface formant 
came convexe ayant une courbure de rayon 
non constant, divisee en deux parties 4gales 
synnStriques par un plan bissecteur pour d^finir 
une surface formant came inclin^e longue 
(100AL) et une surface inclin^e courte 
(100AS), afin de provoquer un effet de came 
mod^r^ sur une ondulation de tissu produite 
lors de I'utilisation de la t§te. 

15. Catheter (200) selon ia revendication 1, 7, 8. 
12, 13, caracterise en ce que la tete (204) 
poss^de, au niveau de Textr^mit^ distale d'un 
arbre de rotation (206), des lames (204A, 
204B) dispos^es pour faire saillie l^g^rement 
vers I'avant d'une enveioppe (212) pourvue de 
fenetres (216) autour des lames (204A, 204B), 
une rotation de I'arbre (206) ^tant congue pour 
creer un vortex (220, 222) afin de diriger un 
fluide devant les lames (204A, 204B) et hors 
des fenetres (216). 



ne de percussion (204) et s'^tend autour de 
celui-ci de fagon que les surfaces de percus- 
sion arrondles (224) fassent saillie sur une 
courte distance au-del^ de Tenveloppe (212) 
5 qui protege des tissus du corps environnants 

centre une deterioration par les surfaces de 
percussion arrondies (224). 

18. Catheter selon la revendication 17 ou 18. ca- 
10 racterise en ce que I'enveloppe (212) possSde 

des fen§tres (21 6) dispos^es autour de ia tete 
de travail (202), une rotation d'un arbre (206) 
6tant congue pour creer un vortex (220. 222) 
afin de diriger un fluide devant les surfaces de 
15 percussion (224) et vers I'exterieur a travers 

les fenetres (216). 

19. Catheter selon Tune queiconque des revendi- 
cations pr^cedentes. caracterise en ce que 

20 I'ensemble d'entratnement (22) comporte un 

cable d'entratnement allong§ (48) congu pour 
tourner a rint^rieur d'un palier heiicoVdal (49) 
qui s'^tend le long du catheter. 

25 20. Catheter selon la revendication 20. caracterise 
en ce que le palier helicoVdal (49) est forme 
d'un fil metallique qui poss^de une configura- 
tion en section transversale sensiblement rec- 
tangulaire. 

30 

21. Catheter selon la revendication 20 ou 21. ca- 
ract^rlse en ce que le cSble (48) et le palier 
(49) pr^sentent des surfaces de contact (48A. 
49A) importantes, respectivement destinies h 
35 diminuer une usure. 
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16. Catheter selon la revendication 15, caracterise 
en ce que les lames (204A, 2048) pr^sentent 
des surfaces de percussion arrondies (224). 

50 

17. Catheter (200) selon I'une queiconque des re- 
vendications 1, 4, 7. 8. 9. 10, 11, 12, 13. 15 et 
16, caractgrisg en ce que la tete de travail 
comporte un organe de percussion semblable 

k une heiice (204) qui presente des surfaces ss 
de percussion arrondies (224) espac^es de 
I'axe longitudinal (25). et en ce qu' une enve- 
ioppe (212) est espac^e radlalement de I'orga- 



12 



EP 0 335 861 B1 



FIG J 



EP 0 335 861 B1 




EP 0 335 861 B1 




